Multiple linear regression equations were developed for predicting the percentage of fat content of beef and pork. The predictor variables were bioelectrical resistance, temperature, and weight of product. Equations were developed for trim and product ground through a .95-or a .32-cm plate. The trim, .95-cm, and .32-cm grinds had 64, 108, and 96 observations, respectively, for beef product and 56, 101, and 92 observations, respectively, for pork product. Each of these observations was the average of bioelectrical impedance measurements taken in triplicate. The fat percentage ranges were 4 to 50% for beef and 7.5 to 50% for pork. The prediction equation applied to beef trim provided the following values: R 2 = .80, Mallows's C P = 5.1, and root mean square error = 6.64. The R 2 for equations predicting fat percentage in .95-and .32-cm ground beef were .84 and .95, respectively. The prediction equation applied to pork trim provided the following values: R 2 = .77, Mallow's C P = 5.0, and root mean square error = 6.2. The R 2 for equations predicting fat percentage in .95-and .32-cm ground pork were .87 and .96, respectively. The analyses were repeated with data sets of observations with less than 35% fat. The sample sizes and R 2 for the trim, .95-, and .32-cm ground beef were 48, .36; 76, .60; and 65, .86; respectively. The sample sizes and R 2 for the trim, .95-, and .32-cm ground pork were 42, .64; 62, .66; and 58, .92; respectively. Resistance, temperature, and weight remained as predictor variables for ground product with less than 35% fat. The smaller the grind, the more accurate the prediction. These results are positive for developing inexpensive, on-line systems for efficiently mixing ground product to a specific fat percentage.
Introduction
The production of ground products in the meat industry is a multimillion-dollar business. Common labeling practices advertise ground products as regular, lean, or extra lean, representing 75, 80, and 85% lean, respectively. Labeling a product with the amount of lean or fat is becoming a widespread practice, because consumers are demanding such information. Electrical impedance is measured by introducing a small alternating electrical current into the product and measuring the potential difference that results: lean tissue is a better conductor of current than fat tissue. Bioelectrical impedance can accurately determine the lean content of live animals, carcasses, and cuts in cattle , sheep (Berg and Marchello, 1994; Berg et al., 1996 Berg et al., , 1997 Cosgrove et al., 1988; Jenkins et al., 1988) , and swine (Marchello and Slanger, 1992; Swantek et al., 1992; Marchello et al., 1995) . The purpose of this study was to determine whether bioelectrical impedance can accurately predict fat content of ground beef and pork.
Materials and Methods
A four-terminal bioelectrical impedance analyzer ( BIA; Model BIA-101, RJL Systems, Detroit, MI) was used to obtain resistance ( Rs, V) and reactance ( Xc, V) readings on beef and pork trimmings in triplicate using plate diameters of different sizes (trim, .95-cm hole, or .32-cm hole) . Beef and pork trimmings were obtained from a commercial plant in boxes weighing approximately 27 kg. The trimmings were designated as lean (< 10% fat) and fat (> 40% fat). The size of the trimming varied tremendously but was probably 7 to 15 cm in diameter. The product was transferred to plastic tubs (length 57 cm, width 23 cm, and height 21 cm), providing a relatively constant geometry. Electrical impedance is dependent on conductor length, cross- sectional area, and signal frequency. Because fat is an insulator, the greater the fat content the higher the impedance readings. Twenty-gauge Vacutainer needles (Becton Dickinson, Rutherford, NJ) were used as electrodes and inserted 25.4 mm near the midpoint of the width of the tub. The distance between receiver electrodes was 30 cm. The distance between transmitter and receiver electrodes was 10 cm. The BIA provided a homogeneous alternating current between the outer electrodes at 800 mA and 50 kHz and measured the voltage drop between the inner two electrodes. The needles provided a constant penetration and uninterrupted transmission of the electrical signal through the product. Temperature was measured with a standard probe thermometer. Resistance (Rs) and reactance ( X c ) readings were obtained in triplicate. The lean trim and fat trim were ground separately through the .95-cm plate, and batches were then formulated to target fat contents of 10, 20, 30, 40, and 50%. Fat content was determined with an AnylRay Fat Analyzer (Model 316-4A Anyl-Ray, Davenport, IA). Each batch was placed into a Leland Food Mixer (Model 1000A, Detroit, MI) and mixed for 1 min to achieve uniformity. Each batch was then remeasured for Rs, and temperature was obtained. Random samples (approximately .4 kg) were obtained from each batch in all experiments and stored for proximate analysis. Moisture, protein, and fat determinations were done according to AOAC (1990) methods. Measurements of the various variables of the experiments are summarized in Table 1 . The fat percentages were fairly uniformly distributed between the minimum and maximum value, except for the beef trim. Fat ranged from approximately 4 to 50% in the various grinds of meat. Weight ranged from 9 to 32 kg in the various batches.
Best-model prediction equations were developed from the many statistical techniques of PROC REG from SAS (1988, 1991) . The R-square, root mean square error, and Mallows's C P values were the selection criteria chosen to determine the best prediction equations. Table 2 shows the selected prediction equations for the grinds of beef. The Mallows's C P values were often close to the ideal (i.e., nearly equal to the number of coefficients in the prediction equation). When all observations were included, the R 2 values were .80, .84, and .95 for trim, .95-cm grind, and .32-cm grind, respectively. As the plate diameter size was decreased, the predication equation became more precise. This is because a more uniform product was obtained, the fat was more evenly dispersed, and the particle size was reduced so that there were fewer air spaces in the product. The predictor variables were the same for the ground product. The resistance, temperature, and weight can provide sufficient information with which to predict fat percentage, even when fat percentage ranges between approximately 10 and 35%. The prediction equations were less accurate for the subsets of observations with less than 35% fat; however, except for the trim beef, the R 2 of these equations ranged from .60 to .92. RMSE 42, 2.8, .64, 5.43 62, 11.7, .68, 4.60 58, 4.1, .92, 2.56 Resistance makes up a large percentage of the total equation. The numbers predict linearity except for the upper portion with the higher percentage of fat. This bodes well, especially when leaner products are concerned, and can give a reliable estimate of the fatness of ground beef. As the diameter of the grind size was increased from .32 cm to trimming, the variability and the precision of the equation decreased. This indicates that uniformity of the fat distribution and particle size may have an effect on the results. Table 3 shows the selected prediction equations for the grinds of pork. The results and conclusions are similar to those for beef. Weight seems to be more of a predictor for pork than for beef, but this is probably because there was less variability for weight of beef trimmings. The relationship between the percentage of fat and resistance log squared seems to be linear and to hold this linearity for the higher percentages of fat better than with beef. This may be because of the differences between pork and beef fat. Pork fat is more unsaturated and may have a different reaction to an electrical current. The same pattern was detected for pork and beef grinds.
Results and Discussion
These results indicate that in an actual on-line, commercial situation, for which the prediction equations could be developed on hundreds of observations, automated collection of resistance, temperature, and weight could be used to mix ground product to within specific fat limits in less time than it now takes using typical fat analyses. Temperature is a critical factor because the flow of electricity is affected by temperature: there is much less resistance to the electrical flow with warmer temperatures. Furthermore, ice crystals in meat would create erroneous readings. This would show up as negative numbers for reactance. In most packing plant grinding operation this probably would not occur. Possibly, bioelectrical impedance could be used to quickly get the fat percentage near a specified amount, and analytical fat measurement techniques could be used for the final verification. The .32-cm grind provides the best results and precision because of the uniform distribution of lean and fat.
Implications
Bioelectrical impedance can accurately predict the amount of fat in ground beef or pork. It provides a system whereby a company can use marketing strategies to provide consumers with the type of product they want to purchase. The prediction equations can be substituted for chemical analysis for determination of fat and can readily be adapted to an on-line system to provide greater consistency and uniformity of product. Analray is the accepted procedure at present, but one still must sample the product to obtain results. Bioelectrical impedance will provide instantaneous results with the use of computers and robotics once it is validated.
